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'Abstract 

In recent years, Heavy Metals (HMs) pollution has become a serious problem all 
over the world as these (H Ms) continue in the soil for longer period due to their 
non-biodegradability. The chromium (Cr) is one of the nonessential heavy metal 
that makes highly toxicity in the plants as well as soil. Cr is one such nutrient 
required for sugar and fat metabolism in humans, whereas the role of Cr in plant 
growth and its uptake pathway are not yet ful ly understood. The pot experi ments 
were carried out of the Horse gram (Dolichos biflorus L.) seeds were raised in pots, 
the pots containing 2.5 kg of soil with adding different levels of Cr (control, 2, 4, 
6, 8 and 10 mg/ kg soil). Three replicates were maintained for each level. 
Morphological parameters like root and shoot length, total leaf area and fresh 
and dry weights and pigment content and biochemical estimation were recorded 
in 60^^ DAS of plants. From the results was concluded that the 2 mg kg-^ level of 
Cr in the soil was beneficial for the growth of Horse gram. The level of Cr in the 
soi I above 2 mg kg-^ proved to be toxic effects. The results i ndicated that the 2 mg 
kg-^ Cr level can be increasing the growth of Horse gram. 
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1. Introduction 

Environmental pollution with Heavy Metals (HMs) isaworldwidedanger that is related to human activities 
such as mining, smelting, electroplating, energy and fuel production, power transmission, intensiveagriculturet 
sludgedumping and melting operation.The pollution hasmanyforms,theairwetakebreaths, thewaterwe 
drink, theground where wecultivated our food crops and even the increasing noisewe hear e/eryday—all 
contributeto health problems and minoreminenceof life(Dattaetal., 2011). TheH Ms pollution mainly arises 
from the effluents of i ndustrial units, someof thei ndustrial units releasi ng toxic H M s into envi ronment. The 
effI uents rel eased from paper mi 11 s and ferti I i zer factori es are ad d i ng a mi xtu re of al kal i, ammoni a, cyan i d es 
and HMs into the water resources. The waste water from the dyes and pigment industries, film and 
photography, galvanometry, metal cl eani ng, el ectropi ati ng, I eather and mi ni ng i nd ustri es contai ns consi derabi e 
amounts of H M s (Cervantes et al., 2001). 
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Among the HMs pollutants is most dangerous one as these are non-biodegradable and continue in 
environment. These come into the water resources through both natural and anthropogenic resources. More 
attention is being given to the potential health hazards posed by HMs. Theterm HMs refers to any metallic 
chemical element that hasarelatively high density (Pi Nay etal., 2(X)3).Thedensityof HMsis usually morethan 
5.0 g/ cm^. Examples of HMsincludeMercury (Hg), Cad mium(Cd),Arsenic(As),Chromium(Cr),Thallium 
(TI),Lead (Pb), Copper (Cu),Zinc(Zn), Cobalt (Co), Nickel (Ni),and lron(Fe).Thesemetalsareclassified into 
three categories, toxic metals (such as H g, Cr, Pb, Zn, Cu, N i, Cd, As, Co, Sn, etc), precious metals (such as Pd, 
Pt,Ag,Au, Ru, etc.) and radionuclides (such as U,Th, Ra,Am, etc.)(Dubeet;al., 2003). The metalscausetoxicity 
to organisms et/en at ppm level of concentration. 

Cr is recognized as non-essential plant nutrient however traceamounts of chromium is required for living 
organisms (Subha Priya and Rajeshwari 2013). But i n few stud ies it has been reported that traces amount of Cr 
may increase plant productivity (Orhueand Ekhomun, 2010; M anivasagaperumal et al., 2011; Srivastava and 
Shukla 2016; and Pandey and Pandey 2008). H owever, at higher concentration of Cr istoxicto plants dueto 
much interferencewith other essential nutrients (Mohanty etal., 2011; and Mohantyand Patra 2016). Chromium 
i s know n to affect metabol i c processes vi a, oxi d ati ve stress causi ng chi oropi ast and pi gment alterati ons (N akano 
and Asada 1981; and Suthar et al., 2014). 

Horsegram(DolichosbiflorusL.) belongs to thesubfamilyfaboideae of family Fabaceae' Leguminosaeitis 
annual herb, partially trailing or climbing, 30-50 cm in height. The crop known as poor men'sand acrop of 
poor resou rce, i s w i d ely grow n i n I nd i a i n al most 200-700 mm rai nfal I si tuati ons at a temperature range of 20- 
35 ° C. It isdrought resistant crop and istypically adapted toa wide range of soils. It is grown as sole crop and 
in number of combinations. Theseeds contain crude protein 20.8, pentosan 10.8and water-soluble gum 2.8%. 
The presence of anti nutritional components such as haemaggi uti ni n and a protease i nhi bitor. The i nhi bitor 
activity decreased during germination. The mean protein valueof the seeds is 25.47% which ismoreor less 
equ i val ent to soybean, w i nged bean and grams. The present i nvesti gati on has been madeto the d ifferent level 
of chromi u m tol erance and toxi cityinHorsegram(DolichosbiflorusL). 

2. M aterials and methods 

The seeds of Horse gram Dolichos biflorus L. verity (Paiyur-1) seeds were obtained from Local Agro Service 
Center and the seeds areuniformsizeand colors wereselected for theexperi mental purpose. The Chromium 
(K2Cr20^)Potassiumdichromate(VI), molecular weight 294.185g/ mol, wasobtained from Sdentific Equipments 
Company, Dharmapuri District, Tamil Nadu.Thetreatment of pot experiments, viz.,control (normal soil),2,4, 
6,8and 10 mg/ kg-^of Cr incorporated with soil. The horse gram seeds were sown intheeach potto irrigate 
with normal tap water. 

2.1. Seed treatment 

The seed treatment was given with carbendazim(g)lg for 0.5 kg of seed in order to protect from seed born 
diseases. Pre-sowing irrigation was given to ensure uniform germination. Irrigation was given at two days 
with duecareto avoid excess flooding of water. Uniform irrigation was given for four ti mesa week. Five plant 
sampleswererandomly collected at 60DASand they were used for observations of morphological parameters 
I ike root length, shoot length, total leaf area, fresh weight and dry weight of the pi ants. 

2.2. G ermination percentage 

The number of seeds germi nated i n each treatment was counted on each and every day up to 7“^ day after 
sowing (DAS). The total germination percentage was calculated by usingthefollowing formula: 

, Total number of seeds germinated 

Germination Percentage=—=^-—1-i-^-xlOO 

T otal n u m ber of seeds sow n 

2.3. Shoot length and root length 

Five plants were randomly selected for recorded at 60*^ DASof root and shoot length of H orsegram plants. 
They were measu red by usi ng centi meter seal e. 

2.4. Total leaf area (KalraandDhiman, 1977) 

Five plant samples werecollected at 60^ DAS the length and breadth of theleafsampleswere measured and 
recorded. The total leaf area was calculated by using the Kemp's constant. 
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Total leaf area = L x B x K 

where, L - length, B - breadth and K - Kemp's constant (for d I cot- 0.66). 

2.5. Biochemical analyses 

The photosynthetic pigments such as chlorophyll 'a', 'b' and carotenoid. The biochemical contents starch, 
ami no acid, total sugars and protein, wereanalyzed on the 60 DAS of experimental plants. 

2.6. Chlorophyll (Arnon,1949) 

Five hundred mg of fresh leaf material wasground withamortar and pestlewith 10 mL of 80% acetone. The 
homogenate was centrifuged atSOOrpmfor ISmin.Thesupernatant wassaved and the residuewas reextracted 
with 10 mL of 80% acetone. The supernatant was saved and theabsorbancevalues were read at 645 and 663 
nminaUV-spectrophotometer.Thechlorophyll a, chlorophyll band total chlorophyll contents wereestimated 
and expressed in mg g-^fresh weight basis. 

Chlorophyll 'a' =(0.0127) x (O.D 663) - (0.00269) x (O.D 645) 

Chlorophyll 'b' =(0.0229) x (O.D 645) - (0.00488) x (O.D 663) 

Total chlorophyll =(0.0202) x (O.D 645) -l-(0.00802) x (O.D 663) 

2.7. Carotenoid (Kirkand Allen, 1965) 

The same plant extract used for chlorophyll estimation was used for carotenoid estimation. The acetone 
extract was read at480nminaUV-spectrophotometer.Thecarotenoid content was calculated by using the 
foil owing formula and it is also expressed inmgg-lfresh weight basis. 

Carotenoid =(O.D 480) - (0.114) x (O.D 663) - (0.638) x (O.D 645) 

2.8. Estimation of protein (Lowry eta I., 1951) 

OnemL of the extract was taken in a lOmL test tube and 5 mL of reagent 'C' was added. The solution was 
mixed and kept in darkness for 10 min. Later, 0.5 mL of Fol in-phenol reagent was added and the mixture was 
kept I n dark for 30 mi n. Thesample was read at 660 nm I n a U V-spectrophotometer. 

2.9. Estimation of sugars (Nelson, 1944) 

OnemL of extract was taken ina25mL marked test tube. OnemL of reagent'C'wasadded. Then, themixture 
was heated for 20 mi n at 1(X) °C I n a boi 11 ng water bath, cooled and 1 mL of arsenomolybdate reagents was 
added. The solution was thoroughly mixed and diluted to 25 mL with distilled water. Thesamplewas read at 
520nmin aUV-spectrophotometer. 

2.10. Extraction and estimation of starch (D ubois et al., 1956) 

Five hundred mg of plant material was weighed and macerated in a pestle and mortar with 10 mL of 80% 
ethanol. Thesample was centrifuged at60(X)rpmfor 15 min. Thesupernatant was removed and the pel lets 
wereextracted with 52% perchloric acid for 30 min at 0°C. The extract was centrifuged and supernatant was 
diluted up to 15 times. OnemL of diluted sample was mixed with2mL of cold enthrone reagent in ice bath and 
it was boiled for 10 min at 1(X)°C in a water bath. The content wascooled and theabsorbancewas read at 630 
nm I n a U V-spectrophotometer. Thestarch was cal culated by multi plyi ng with 0.9to the values obtai ned from 
standard curve. Thestarch contents wereexpressed in mg g-^fresh weight. 

2.11. Estimation of amino acids (Mooreand Stein, 1948) 

OnemL of the extract was pipetted out into a test tube. A drop of methyl red indicator was added. Thesample 
was neutralized with 1 mL of 0.1 N sodium hydroxide. To this, 1 mL of ninhydrin reagent was added and 
mixed thoroughly. Thecontentofthetest tube was heated for 20 min in a boiling water bath. FivemL of the 
diluent solution was added and heated in water bath for 10 min. The tubes were cooled under the running 
water and the contents were mixed thoroughly. Blank was prepared with ImL of distilled water or ethanol. 
Theabsorbancewas read at 570 nm i n a U V-spectrophotometer. 

3. Results and discussion 

TabI e 1 shows that the effects of C r on the seed germi nati on percentage of FI orse gram. The maxi mu m seed 
germi nati on percentage (99%) of FI orse gram observed i n 2 g/ kg-^ of C r treated soi I on 7* D A S w hen compared 
to other treatments and I owest seed germi nati on (20%) was noted i n 10 mg/ kg-^ of C r treatment. 11 has been 
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Table 1: Phyto toxicity of chromium on the germination and morphological parameters of Horse gram on 

60'^ DAS 

Chromium 
added in 
the soil 
(mg kg-i) 

60^ DAS (Day After Sowing) 

Germi¬ 

nation 

(%) r*’ 

DAS 

Root 

length 

(cm) 

Shoot 

length 

(cm) 

Leaf area 
(cm2 
plant'^) 

Fresh 
weight 
(g plant-1) 

Dry 
weight 
(g plant') 

Pigment Content 

Chl-a 

Chl-b 

Control 

94 ± 4.8 

9.4 ±0.094 

17.6 ±0.88 

19.7 ±0.98 

22.5 ±1.13 

6.4 ± 0.32 

0.85 ± 0.04 

1.36 ± 0.07 

2 

99 ± 4.95 

13.5 ±0.67 

23.3 ±1.165 

22.5 ±1.13 

27.2 ±0.14 

9.5 ± 0.475 

2.40 ±0.12 

3.55±0.18 

4 

85 ± 4.25 

8.2 ± 0.41 

15.5 ±0.77 

18.7 ±0.92 

16.8 ±0.84 

5.8 ± 0.29 

1.23 ± 0.06 

2.20 ±0.11 

6 

79 ± 3.95 

6.5 ± 0.32 

10.0 ±0.05 

13.9 ±0.69 

11.8 ±0.06 

3.6 ±0.18 

0.74 ± 0.04 

1.45 ± 0.07 

8 

54 ± 2.7 

3.4 ±0.17 

7.9 ± 0.39 

10.4 ± 0.05 

8.8 ± 0.44 

1.2 ± 0.06 

0.38 ± 0.02 

0.92 ± 0.05 

10 

20 ± 1.0 

2.2 ±0.11 

5.0 ± 0.25 

7.0 ± 0.35 

5.4 ± 0.27 

0.8 ± 0.04 

0.22 ± 0.01 

0.57 ± 0.02 

Note: ±Stan(dar(d (deviation. 


difference of opinion that decrease in seed germination may bedueto lowering of water potential or through 
ionicimbalance. HMsmaycausedegradation of enzymes presentinsidetheseed I ike (5-amylase and protease 
which results in decrease in seed germination (Vermaand Dubey, 2(X)3;Junet al., 2(X)9; Heidari and Sarani, 
2011; and Gubrelay et al., 2013). Reduced germination percentage of Horse gram at higher Cr level may be 
attri buted to the i nterferenceof metal i ons w hich may hi nder seed germi nati ons by exerti ng u nfavorabieeffect 
i n the uti I i zati on of major seed reservoi rs I i ke starch, a-amyl ase, an enzyme i nvol ved i n seed germi nati on to 
supply sugar, may blocktheadverseeffects (Tantrey and Agnihotri, 2010; and Krannerand Colville, 2011). 

TabI el represent the maxi mum shoot length (23.3 ±1.165) root length (13.5 ±0.67) on 60 DAS respectively 
was observed at 2 mg/ kg-^ of C r treatment. The mi ni mu m shoot I ength (5.0 ±0.25) root (2.2 ±0.11) I ength on 
observed i n 10 mg/ kg-^ of C r treatment. C r w as fou nd to be more toxi c affecti ng shoot and root I ength .The 
reduction intheshoot height might be mainlydueto the reduced root growth and consequent lesser nutrient 
and watertransporttotheabovepartsoftheplants. In addition to this, Cr transport to the aerial part of the 
pi ant can have a d i rect i mpact on cel I u I ar metabol i sm of shoots contri buti ng to the red ucti on of pi ant hei ght 
(Shankeretal.,2005;andjoshi etal., 2019). 

Root was found to be more affected than shoot. ThisisduetothefactthatHMs(Cr) accumulated on root 
duetobindingof metals(Cr)onthecell wall of root and retard cell division and cell elongation and accumulation 
of metals with i n roots reduces the mitotic rate i n meristematic zone particularly by block! ng metaphase i n 
meristematiccellsand thereby reduces their length (Shanker and Pathmanabhan, 2004; and Sundaramoorthy 
et al., 2010). General decreased rootgrowthduetoCr toxicity could bedueto inhibition of root cell division/ 
root el ongati on or to the extensi on of cel I cycl e i n the roots. The reason of the h i gh accu mu I ati on i n roots of the 
plants could bebecauseCr is immobilized in the vacuoles of the root cel Is, thus rendering it less toxic, which 
may bea natural toxicity response of plant, and also H M s have been reported to impai rthegrowth of new roots 
and seed ling establishment (Lin and Xing, 2007: and Singh et al., 2013b). 

Decreasein leaf area of horse gram at higher concentration of Cr may bedueto decreased activities of many 
enzymes involved in the fixation of CO 2 , changes in thethylakoid organization, reduction of chlorophyll 
contents and i n h i bi ti on of photosy ntheti c acti vi ti esanddisturbingthei nteracti on of ch I orophy 11 mol ecu I es 
intothestablecomplex(Fodaretal., 1996; and Faizanetal., 2011).Thefresh and dry weight of Horsegram 
pi ants elevated invariouslevelsofCrisfurnished in(Tablel).TheCrat2mgkg'Hevd inthesoil increased the 
fresh and dry weight of experimental plants and decreased at high levelsof Cr (4-10 mg kg-^) on 60 DAS. The 
identical reports was found that dry matter production was severely affected by Cr (VI) concentrations above 
2.5AgmL’Hn nutrient medium (Li etal., 2005). Zurayk etal. (2001) reported that salinity and Cr (VI) interaction 
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caused a significant decrease in thedry biomass accumulation of Portulaca oleracea. Cauliflower (cv. Maghi) 
when cultivated at 0.5 mM Cr (VI) restricted dry biomass (Chatterjeeand Chatterjee, 2000). 

They proposed that reduction in biomass product! on undertheinfluenceof Cr may beduetotheimpairment 
of uptake and translocation of nutrients and water i n aerial parts of plants. It is consider that after absorption 
root passes Cr to shoot through translocation. Thus, roots are less affected than shoots under heavy metal 
stress. During seedling growth hydrolysis of food reserves takes place which is carried out by hydrolytic 
enzymes. So the activities of hydrolyticenzymes might beaffected and thefood did not reach to the radical and 
plumuleleadingtothereduction in seed ling growth (Farooqi etal., 2(X)9;Sundaramoorthy, 2(X)9; Singh etal., 
2013a; and Kunduetal., 2018).Underlower application ofCrimproved rootsystem helped the pi ants in better 
absorption of water and other nutrientsdissolved in the soil and consequently improved thegrowth of different 
organs and theenti re plant of horsegram. 

Effect of Cron the pigment and biochemical content of Horse gram was represented inTableZ Pigment 
content such as chlorophyll 'a', chlorophyll 'b', carotenoid, and biochemical content I ike, viz., starch, amino 
acid, sugars and protein content of Horse gram leaves increased at lower concentration (2 mg kg-^) and 
decreased further with an i ncrease i n theCr level (4-10 mg kg-^). Thechlorophyl I 'a' and 'b' content i ncreased 
at2 mgkg-^of theCr level (2.40±0.12; 3.55±0.18) and decreased (0.22±0.01; 0.57±0.02) chlorophyll content 
respectively. Thechlorophyl I content decreased with increasing concentration of Cr form the experimental 
resultsofthe present investigation theincreased chlorophyll content at the lower level of Cr was obviously 
dueto better growth of horsegram. 


Table 2: Phyto toxicity of chromium on biochemical content of Horse gram, on 60^ DAS 

Chromium 
added in 
the soil 
(mg kg 1) 

60^ DAS (Day After Sowing) 

Carotinoid 

Total sugars 

Starch 

Amino acids 

Protein 

Control 

1.20 ±0.06 

2.60 ±0.13 

3.18 ±0.159 

3.75 ±0.1875 

3.12 ±0.156 

2 

2.60 ±0.13 

3.86 ±0.19 

5.12 ±0.256 

5.93 ± 0.2965 

6.28 ±0.314 

4 

1.04 ± 0.052 

2.00 ± 0.04 

3.40 ±0.17 

4.62 ±0.231 

5.12 ±0.256 

6 

0.82 ± 0.041 

1.65 ± 0.08 

1.85 ± 0.0925 

3.32 ±0.166 

3.68 ±0.234 

8 

0.63 ± .0315 

0.72 ± 0.37 

0.88 ± 0.044. 

2.02 ±0.101 

1.28 ±0.164 

10 

0.40 ± 0.02 

0.28 ± .014 

0.51± 0.0255 

1.24 ±0.062 

0.42 ±0.105 

Note: ±Stan(dar(d (deviation. 


Thedecreasein chlorophyll 'a' 'b'content dueto Cr could beduetothedestabilization and degradation 
of the proteins of the peripheral part. The inactivation of enzymes involved in the chlorophyll biosynthetic 
pathway could also contribute to the general reduction in chlorophyll content in plants under Cr 
stress. Moreover, Cr can interfere by substitutingMgat the activesite of the enzyme (Vajpayeeetal., 2(X)0; Hadif 
etal., 2015; and Maetal., 2016).Themorepronounced effect of Cr(VI) on PSIthan on PSIl activity in isolated 
chloroplasts has been reported by(Bishnoi etal., 1993;Ghani 2011; Realeetal., 2016; Ding etal., 2016; and Li et 
al.,2018). 

Li etal. (2018) as suggested bydecreasein proteincontentathigherCrapplication may beduetotheenhanced 
rateof protei n denaturation. I nhi bitory effect of metals on protei n synthesis may bedueto the i ncreased protei n 
hyd rolysis by catalytic activity and severeoxidativestressimposed under metals stressconditions(Kumar etal., 
2011; and A njum et al., 2017). The! ncreased chlorophyl I content at lower let/el of Cr was obviously dueto better 
growth,theycandirectlydestroythestructureandfunctionof chloroplast by binding with’SH group of enzyme 
and over al I chlorophyl I biosynthesis through M g^, or Zn^ (Si ngh, 2001). Thedecrease i n biomass i n excess 
of Cr might bedueto low protein formation, resulting in the inhibit! on of photosynthesis, as well as hampering 
carbohyd rate translocation (M ani vasagaperumal et al., 2011; and AI i et al., 2015). 
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The I esser sugar content i n the pi ant at hi gh concentrati ons of C r treatments i mpl i es the deranged metabol i sm 
and poor translocation of sugars and starch metabolites to thegrowing parts. Thedeclinein sugar format! on 
may be associated with reduced rates of photochemical activities and chlorophyll formation. Loss of sugar 
construction mayalsobeduetothechangeofsugarintoenergy when the plantsweremetal stressed (Outridge 
and Noller, 1991;Sundarmoorthyetal., 2015;and Ibrahimetal., 2017). 

4. Conclusion 

F rom the above exper i ments, i t can be conci ud ed that the soi I pol I uted w i th C r toxi ci ty on seed ger mi nati on, 
morphology, chlorophylls and biochemical content of Horsegram. Our results suggestthatthe2 mg kg-^ let/el 
ofCrinthesoil was beneficial for thegrowth of Horsegram plants. The level ofCrinthesoil above4mgkg’^ 
proved to be toxi c to H orsegram. The results i nd i cated that the 2 mg kg-^ C r I et/el for i ncreasi ng the morphol ogy 
and biochemical content of Horsegram plants. 
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